Mesenchymal stem cells (MSCs) have been used experimentally for treating inflammatory disorders, partly due to their immunosuppressive properties. Although interleukin-1b (IL-1b) is one of the most important inflammatory mediators, growing evidence indicates that IL-1b signaling elicits the immunosuppressive properties of MSCs. However, it remains unclear how IL-1b signaling accomplishes this activity. Here, we focus on the therapeutic efficacy of IL-1b-primed MSCs in the dextran sulfate sodium (DSS)-induced colitis model, in addition to the underlining mechanisms. We first found that IL-1b-primed MSCs, without any observable phenotype change in vitro, significantly attenuated the development of DSS-induced murine colitis. Moreover, IL-1b-primed MSCs modulated the balance of immune cells in the spleen and the mesenteric lymph nodes (MLNs) through elevating cyclooxygenase-2 (COX-2), IL-6 and IL-8 expression and influencing the polarization of peritoneal macrophages. Importantly, IL-1b-primed MSCs possessed an enhanced ability to migrate to the inflammatory site of the gut via upregulation of chemokine receptor type 4 (CXCR4) expression. In summary, IL-1b-primed MSCs have improved efficacy in treating DSS-induced colitis, which at least partly depends on their increased immunosuppressive capacities and enhanced migration ability.
INTRODUCTION
Mesenchymal stem cells (MSCs) are derived from a variety of tissues and have the capacity for self-renewing and differentiation.
1,2 MSC-based therapies have provided convincing evidence for their potential antiinflammatory and immunomodulatory effects in treating a variety of inflammatory and autoimmune diseases, including ulcerative colitis (UC), 3 rheumatoid arthritis 4 and sepsis. 5 MSCs can migrate to sites of tissue damage, 6, 7 where they are activated by inflammatory cytokines (such as IFN-c) and several chemokines, which can recruit or suppress lymphocytes. [8] [9] [10] [11] Interleukin-1b (IL-1b) is an important inflammatory factor that is expressed abundantly during the active phase of UC. [12] [13] [14] The UC mice induced by DSS treatment exhibit many symptoms similar to human UC, such as diarrhea, bloody feces, body weight loss, mucosal ulceration and shortening of the large intestine. 13 The mechanism behind DSS-induced UC can be attributed to abundant IL-1b secretion from macrophages in lamina propria following DSS stimulation, which initiates an intestinal inflammatory cascade. 15 Moreover, administration of anti-IL-1b antibodies improves DSS-induced colitis, 14 and mice that are deficient in the NOD-like receptor family, pyrin domain containing 3 (NLRP3) inflammasome, a caspase-1-activating complex which regulates IL-1b maturation, are relatively resistant to intestinal inflammation. 15 However, growing evidence has indicated that IL-1b signaling supports colonic homeostasis and attenuated colonic inflammation. IL-1b signaling can protect mice from intestinal damage after Citrobacter rodentium infection 16 and from DSS-induced colitis. 17 Mice that are deficient in IL-1 receptor 1 (IL-1R1) exhibit exacerbated DSS-induced colitis, which is indicated by a higher disease activity index score and an increased mortality compared with wild-type mice. Moreover, blocking IL-1b activity with anakinra, a recombinant form of IL-1R antagonist, enhances the severity of DSS-induced colitis in wild-type mice. 18 IL-1b induces the production of cyclooxygenase-2 (COX-2), which promotes the expression of prostaglandin E2 (PGE2). 19, 20 PGE2, in turn, has been reported to inhibit mucosal inflammation during DSS-induced colitis in mice and rats. 21, 22 Similarly, pre-treatment with a low dose of IL-1b has also been shown to suppress colonic inflammation in rabbits via the production of PGE2. 23 Notably, several studies have indicated that MSCs activated by IL-1b can exhibit immunosuppressive properties. First, IL-1R1, required for IL-1b signal transduction, is abundantly expressed in human MSCs. Second, Groh et al. 24 showed that T-cell activation could be inhibited by the cell-free supernatant from MSCs treated with IL-1b for 24 h. Third, IL-1b secreted from CD14 monocytes has been reported to activate MSCs. In addition, IL-6, a hallmark of MSC activity, is vigorously secreted by MSCs following stimulation with IL-1b in a time-and dose-dependent manner, which requires the activation of the p38 MAPK and ERK pathways. 25 All of these data suggest that IL-1b could elicit the immunosuppressive properties of MSCs through IL-1R1. However, the mechanism through which IL-1b elicits these immunosuppressive properties is still unclear.
In the present study, our results demonstrated that pre-treatment with IL-1b enhanced the efficacy of MSC transplantation in DSSinduced colitis. Pre-treating MSCs with IL-1b also modulated the balance of immune cells through elevating COX-2 and IL-8 expression. IL-1b also promoted MSC migration to inflammatory sites through upregulating CXCR4 expression.
MATERIALS AND METHODS
Isolation and culture of umbilical cord-derived MSCs MSCs were isolated using previously described methods. 26 Briefly, human umbilical cords were obtained from full-term deliveries with informed consent of the mother after caesarian section. The cords were aseptically stored at 4 uC in sterile phosphate-buffered saline (PBS) supplemented with 200 U/ml penicillin-streptomycin (Sigma Aldrich, St. Louis MO, USA). Tissue collection for research was approved by the Ethics Committee of the Drum Tower Hospital of Nanjing University Medical School, China. Fresh human umbilical cords were collected and rinsed in PBS at 4 uC, and umbilical arteries and veins were removed and cut into 1-to 2-mm pieces in DMEM/F-12 medium (Gibco, Grand Island, NY, USA). The pieces of cords were digested with mixed enzymes, including type II collagenase, neutral protease and hyaluronidase at 37 uC for 3 h. After three washes with PBS, umbilical cord-derived MSCs were plated into a culture flask. The medium was replaced every 3 days. Colonies of fibroblast-like cells formed approximately 7 days later, and the cultures were trypsinized and passaged into a new flask for further expansion.
MSC treatment
MSCs were pre-treated with 10 ng/ml murine IL-1b (Peprotech, Rocky Hill, NJ, USA) for 48 h to activate IL-1b signaling. IL-1b signaling in MSCs was inhibited by downregulating IL-1R1 expression with small RNA interference (siRNA). Specific sequence for human IL-1R1 siRNA was designed and synthesized by Ribobio (GuangZhou, China). Two suitable sequences were selected (IL-1R1-siRNA#1, GAACACAAAGGCACUAUAAdTdT, and IL-1R1-siRNA#2, GCA-GCAUA UAUCCAGUUAA dTdT) and mixed as siRNA for the following experiments. MSCs were cultured to 40% confluency and transfected with the siRNA duplex and negative control siRNA using Lipofectamine RNAiMAX (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's recommended protocol. Then, 10 nM siRNA was used for 10-cm plates. After 24 h of transfection, the cells were stimulated with 10 ng/ml murine IL-1b for another 48 h and harvested for reverse transcription-PCR and western blotting. In vitro models were divided into five groups (Table 1) .
DSS-induced mice colitis
Acute colitis was induced in C57BL/6 male mice (8-week-old) by administering 3% DSS (molecular weight 40 000 Da; Sigma) from day 0 to day 7 in the drinking water ad libitum and changing to regular water from day 8 onward, as previously described. 20, 30 C57BL/6 mice were randomly divided into the following five groups (n510 mice/group): (i) control group; (ii) DSS treatment; (iii) DSS with MSC treatment; (iv) DSS with IL-1b-primed MSC treatment; (v) DSS with IL-1R1 siRNA-transfected MSC treatment (Table 2) . At day 1, mouse tails were intravenously injected with 2310 6 MSCs (MSCs, IL-1b-primed or IL-1R1 siRNA-transfected MSCs) diluted in 200 ml PBS or a vehicle control (PBS alone). Mice were killed at day 14, except for the mice in the DSS treatment group, which were killed at day 11.
Colitis severity was assessed daily by scoring the clinical disease activity (0-4), including evaluating stool consistency, presence of fecal blood and weight loss. The entire colon was removed from the cecum to the anus, and colon length and weight were measured as indirect inflammation markers. For histopathological analysis, colon segments were fixed in 10% buffered formalin phosphate, and paraffin-embedded sections were prepared for hematoxylin and eosin (H&E) staining. Histological scores were blindly determined. For tissue inflammation, increased numbers of inflammatory cells in the lamina propria were scored as 1, confluence of inflammatory cells extending into the submucosa was scored as 2 and transmural extension of the infiltrate was scored as 3. For tissue damage, discrete lymphoepithelial lesions were scored as 1, mucosal erosions were scored as 2 and extension through deeper structures of the bowel wall was scored as 3. The combined histological colitis severity score ranged from 0 to 6.
In vivo bioluminescence and CM-DiI fluorescent imaging For bioluminescence imaging and fluorescent imaging, luciferaseexpressing MSCs were labeled with CM-DiI dye (Molecular Probes, Eugene, Oregon, USA) according to the manufacturer's protocol. C57BL/6 mice were randomly divided into the following groups (n55 each group): (i) DSS with MSC treatment; and (ii) DSS with IL-1b-primed MSC treatment. At day 1, C57BL6 mice were treated with 3% DSS. At day 2, mice were injected 2.0310 6 MSCs via tail vein. At day 4, mice were given an intraperitoneal injection of 0.2 mg DLuciferin Potassium Salt (Caliper, Hopkinton, USA) and killed 10 min later. Spleen, mesenteric lymph nodes (MLNs), and colon were obtained and imaged with an IVIS Lumina XR System (Caliper) and then frozen for cryosectioning. For visualizing the localization of labeled MSCs based on fluorescence of CM-DiI dye (red), cryosectioned tissue was counter-stained with 49-6-diamidino-2-phenylindole, and fluorescent images were collected with a confocal scanning Negative control siRNA transfection IL-1b 10 ng/ml IL-1b IL-1R1 siRNA si-IL-1R1 transfection IL-1R1 siRNA1IL-1b
After IL-1R1 siRNA transfection, 10 ng/ml IL1b was added
Abbreviations: IL-1b, interleukin-1b; IL-1R1, IL-1 receptor 1; MSC, mesenchymal stem cell; siRNA, small RNA interference. Table 2 Grouping of mice used in vivo experiment
transfected MSCs
Abbreviations: DSS, dextran sulfate sodium; IL-1b, interleukin-1b; IL-1R1, IL-1 receptor 1; MSC, mesenchymal stem cell; siRNA, small RNA interference.
Pre-treatment with IL-1b enhances the efficacy of MSC transplantation HY Fan et al 474 laser system (Olympus FluoView 1000; Olympus Corp., Lake Success, NY, USA) attached to an inverted microscope (IX81; Olympus Corp., Tokyo, Japan).
Flow cytometric analysis
Monoclonal antibodies against human CD11b, CD106, CD14, CD19, CD31, CD34, CD45, HLA-DR, CD29, CD44, CD73, CD90 and isotype-matched controls, as well as monoclonal antibodies against mouse CD206, CD11c, F4/80, CD3, CD4, IL-17A, IL-4, IFN-c, Foxp3 and isotype-matched controls, were obtained from eBiosciences, San Diego, CA, USA. For the detection of intracellular cytokines, cells were incubated with phorbol myristate acetate (50 ng/ml) and ionomycin (750 ng/ml) for 4 h. Labeled cells were analyzed on FACS Calibur flow cytometer BD Biosciences, San Diego, USA and data were analyzed using CellQuest software (BD Biosciences).
Quantitative PCR (Q-PCR) analysis Q-PCR for GAPDH, COX-2, IL-6, IL-8 and CXCR4 was performed on an Applied Biosystems 7300 Sequence Detection System (Applied Biosystems, Foster city, CA, USA) using SYBR green dye (Bio-red). For quantification, the relative mRNA level of specific gene expression was obtained using the 2 2DCt method.
Transwell migration assay
The migratory ability of MSCs was evaluated using Transwell plates (Corning Costar, Tewksbury, USA), which were 6.5 mm in diameter with 8-mm pore filters. In brief, MSCs were suspended in serum-free medium and seeded into the upper well, and 10 ng/ml murine IL-1b containing medium was placed in the lower well of a Transwell plate. Following incubation for 12 h at 37 uC, cells that had not migrated from the upper side of the filter were scraped off with a cotton swab, and filters were stained with crystal violet. The number of cells that had migrated to the lower side of the filter was counted under a light microscope at 34 magnification in five randomly selected fields.
Statistical analysis
Results were presented as mean6s.e.m. Student's t-test was used to compare between two groups. One-way ANOVA analysis of variance was used to compare among three or more groups. Differences were considered to be significant with P values of ,0.05. Statistical calculations and survival curves were performed with GraphPad Prism software (San Diego, CA, USA).
RESULTS
The effect of IL-1b signaling on the morphology, phenotype and viability of MSCs MSCs were generated from human umbilical cord tissue, and their colonies visually appeared as a homogenous population of cells after four passages (Figure 1a ). The MSC cultures were then assayed routinely for the presence of MSC-related cell surface antigens by flow cytometry analysis. The results showed that the phenotype of MSCs was positive for CD29, CD44, CD73, CD90 and HLA-ABC (MHC-I) and was negative for CD11b, CD106, CD14, CD19, CD31, CD34, CD45 and HLA-DR (MHC-II) (Figure 1b) . IL-1b, one of the most important soluble inflammatory mediators, has been found to be enhanced in UC. IL-1R1, the major receptor for IL-1b, is expressed in MSCs. To study the impact of IL-1b signaling on MSCs, we first downregulated the expression of IL-1R1 on MSCs using siRNA. The two siRNAs mixtures targeted against different regions of IL-1R1 mRNA were cotransfected into MSCs, and 48 h later the cells Pre
were harvested for Q-PCR and western blot analysis. The results showed that IL-1R1 was significantly downregulated at both the mRNA and protein levels (Figure 1c) . Importantly, after being cultured for 2 days with or without IL-1b (10 ng/ml), the five experimental conditions for MSCs (control, si control, IL-1b, IL-1R1 siRNA, IL-1R1 siRNA1IL-1b) retained their homogeneous fibroblastoid cell morphology, with a smooth border and unaffected expression of surface markers (Figure 1a and b) . Moreover, IL-1b did not affect the viability of MSCs, but IL-1R1 siRNA significantly reduced viability of MSCs either in the absence or presence of IL-1b (Figure 1d ). These data indicate that IL-1b signaling does not affect the morphology and phenotype of MSCs, but IL1b signaling is important to maintain the viability of MSCs.
IL-1b-primed MSCs attenuate the development of DSS-Induced colitis Similar to previous reports, 27, 28 we successfully induced colitis in C57BL/6 mice by oral administration of 3% DSS. The mouse colitis was characterized by sustained bloody diarrhea, weight loss, 100% mortality at day 11 ( Figure 2a, b and d) , shorter and lighter colons (Figure 2c ), histological changes with severe colonic transmural inflammation, increased wall thickness, localized inflammatory cell infiltration, epithelial ulceration with degeneration of crypt architecture and loss of goblet cells (Figure 2e and f) . The next day, following oral administration with 3% DSS, the mice were intravenously injected through the tail vein with PBS, MSCs, IL-1b-primed MSCs, or IL-1R1 siRNA transiently transfected MSCs. At day 14, the mice showed ameliorated colitis and improved survival rates to different degrees compared with those in the PBS group (Figure 2a-f) . Strikingly, compared to the mice treated with MSCs or IL-1R1 siRNA transiently transfected MSCs, IL-1b-primed MSC-treated mice had a significantly improved survival rate, lower weight loss and clinical disease scores in addition to longer length and heavier colons (Figure 2a-e) . Histologically, IL-1b-primed MSCs exhibited significantly ameliorated colonic transmural inflammation and decreased wall thickness, restored goblet cells and suppressed mucosal ulceration and focal loss of crypts, all of which was associated with a decrease in disease score and histological score (Figure 2e and f) .
These data consistently demonstrated that IL-1b-primed MSCs were more effective in the prevention of DSS-induced colitis than unprimed MSCs or the IL-1R1 siRNA transiently transfected MSCs. This finding suggests that IL-1b signaling is important for the therapeutic efficacy of MSCs in treating DSS-induced colitis.
IL-1b-primed MSCs alters the balance of immune cells
MSCs have been previously shown to have immunomodulatory effects. They can both suppress the proliferation and activation of innate and adaptive immune cells and activate regulatory T cells (Tregs). Because of these properties, we next investigated the effects of IL-1b-primed MSCs on the profile of immune cells in DSS-induced colitis mice.
Flow cytometry revealed that CD11c1 M1 macrophages were significantly increased in the peritoneal cavity of DSS-induced colitis mice and were significantly decreased in IL-1b-primed MSC-treated mice, but there was no notable difference among the mice treated with MSCs, IL-1b-primed MSCs, or IL-1R1 siRNA transiently transfected MSCs (Figure 3a) .
However, CD206 1 M2 macrophages were decreased in DSS-treated mice but significantly increased to the baseline level in IL-1b-primed MSC-treated mice. Moreover, M2 macrophages were significantly more prevalent in the IL-1b-primed MSC-treated mice than in the IL-1R1 siRNA transiently transfected MSC-treated mice (Figure 3a) .
Moreover, IL-1b-primed MSC-treated colitis mice displayed significantly increased numbers of Treg cells and Th2 cells, in addition to decreased numbers of Th1 and Th17 cells in their spleens and MLNs compared with those in DSS-treated mice (Figure 3b-e) . Notably, there were significantly elevated Treg cell numbers in IL-1b-primed MSC-treated mice compared to MSC-treated mice.
MSCs can inhibit T-cell activation and proliferation in vitro through soluble factors. Recent studies suggest that these soluble factors, including PGE2, IL-6 and IL-8, are critical for the immunomodulatory function of MSCs. COX-2 (a key enzyme in the synthesis of PGE2), 31 IL-8 32 and IL-6 33 are known to be downstream transcripts of the IL-1b signaling pathway, but it is unclear whether this phenomenon is also the case for MSCs. We found that IL-1b could significantly elevate COX-2, IL-6 and IL-8 mRNA expression and COX-2 protein expression, while IL-1R1 siRNA-transfected MSCs showed abrogated IL-1b signaling effects ( Figure 4) .
Our results indicated that the marked attenuation of IL-1b-primed MSCs on the development of DSS-induced colitis may be related to modulating the immune cell profile though elevated COX2, IL-6 and IL-8 expression.
IL-1b signaling promotes the migration of MSCs
Given the migratory ability of MSCs to travel to inflammatory or injured sites, we assessed whether the IL-1b-primed MSCs had improved migration in vivo. The day after being treated with DSS, the mice were intravenously injected with luciferase-expressing MSCs, which were dual-labeled with CM-DIL and IL-1b-primed. On the fifth day, Luciferase substrate was injected into the peritoneal cavity. The mice were killed after 10 min, and the organs were immediately collected to image bioluminescence. IL-1b-primed MSCs showed stronger bioluminescence signal in the spleen, MLN and colon than unprimed MSCs (Figure 5a) .
To confirm the localization of luminescent MSCs in each organ, frozen sections of the organs were imaged. Representative fluorescent microscopic images showed that IL-1b-primed MSCs labeled with CM-DIL (red) were readily detected in the spleen, MLN and colon, whereas less bioluminescence signal was detected in MSCs labeled with CM-DIL and injected into mice, and no signal was detected in PBS injected mice (Figure 5b ). Our results indicated that pretreating MSCs with IL-1b could improve the in vivo localization of MSCs to inflammatory sites during DSS induced colitis.
The enhanced migratory ability of IL-1b-primed MSCs is related to upregulation of CXCR4 expression Given the greater migratory ability of IL-1b-primed MSCs to the inflammatory or injured sites and that overexpression of CXCR4 receptor could promote the migration of MSCs to the injured tissues, 34 we investigated whether IL-1b could elevate MSC migration in vitro and enhance CXCR4 expression. We used a transwell migration assay to answer this question. As expected, our results showed that the migratory response of MSCs to IL-1b was more pronounced than those in the culture medium without IL-1b, while the IL-1R1 siRNAtransfected MSCs showed unchanged migration ability either in the absence or presence of IL-1b (Figure 6a) . Moreover, Q-PCR and western blot analysis showed that both CXCR4 mRNA and protein expressions were significantly elevated in MSCs cultured with IL-1b (10 ng/ml) for 48 h (Figure 6b and c) , and the IL-1R1 siRNA-trans- 
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fected MSCs could not promote CXCR4 expression even after IL-1b stimulation. Together, these results suggested that the influence of IL1b on the migratory ability of MSCs may be attributed to inducing enhanced CXCR4 expression.
DISCUSSION
Increasingly more studies have revealed the beneficial effects of MSC therapy in treating many diseases, including UC. MSCs can be derived from different human tissues and organs and, in the last several years, the human umbilical cord has gained increasing attention as a possible clinical alternative source for MSCs other than bone marrow. 2 IL-1b is not only the key inflammatory factor in UC, but also mediates the development of DSS-induced UC. IL1b can elicit the immunosuppressive properties of MSCs, but it is unclear whether the therapeutic efficacy of MSCs during UC is related to IL-1b. Here, we determined that IL-1b-primed MSCs had better efficacy in treating DSS-induced mice colitis, which might be due to the altered properties of MSCs following stimulation of IL-1b or one of several other proteins.
MSCs have the inherent function of repairing injured tissue. Our results showed that all of the surviving mice treated with MSCs (MSCs, IL-1b-primed MSCs, or IL-1R1 siRNA transiently transfected MSCs) exhibited therapeutic effects following treatment. The IL-1b-primed MSCs displayed the best efficacy, while the IL-1R1 siRNA transiently transfected MSCs displayed the worst efficacy. These results suggest that activation of the IL-1b signaling pathway in MSCs is beneficial for their therapeutic efficacy during murine colitis. We hypothesize that the MSCs that were primed by IL-1b were already activated in vitro IL-1b can drive the enhanced invasiveness of MSCs (derived from ovarian endometrioma), 29 and MSCs are preferentially recruited by lymphoid organs and the inflamed colon in the UC mice. Pre-treatment with IL-1b enhances the efficacy of MSC transplantation HY Fan et al 479 nerve injury in a rat model, resulting in tissue regeneration, 30 and over expression of CXCR4 improves MSC migration to infracted myocardium and ameliorates cardiac performance. 31 Our results showed that IL-1b-primed MSCs significantly increased expression of CXCR4 at both the mRNA and protein levels in vitro. Altogether, these results suggest that IL-1b could enhance the ability of MSCs to target and localize to inflammatory sites and elevate their migration ability through increasing CXCR4 expression, all of which could render MSCs more efficacious in cell-based repair therapy.
MSCs have extensive immunomodulatory functions on activated immunocytes. Our results showed that MSCs could both shape the host response to effectively polarize macrophage from M1 to M2 and switch T cells from a Th1/Th17 immune profile towards a Th2/Treg immune profile. All of these results are consistent with previous reports. However, the ability of MSCs to modulate the activation of immunocytes is not entirely innate. For example, the immunosuppressive ability of MSCs is induced by inflammatory cytokines such as IFN-c, TNF-a and IL-1b. 32 We also found that IL-1b could significantly elevate COX-2, IL-8 and IL-6 expression in MSCs, which was abrogated following knockdown of IL-1R1. COX-2 is a key enzyme in the synthesis of PGE2, and MSC-derived PGE2 is involved in skewing the inflammatory environment towards an anti-inflammatory profile, altering the cytokine secretion profile of T-cell subsets (Th1, Th2, or Tregs). 27, 33 IL-8 is known as a specific neutrophil-attracting chemokine, and activated MSCs can mediate neutrophil recruitment through IL-8. 34 IL-6 could promote MSC secretion of PGE2 35 as well as maintain the proliferative and undifferentiated state of bone marrowderived MSCs. 36 Altogether, these data suggest that IL-1b signaling enhances the ability of MSCs to produce COX-2, IL-8 and IL-6 and may facilitate MSCs survival, neutrophil recruitment and immunosuppressive capacity.
Although most of the immunocytes detected above did not show significant difference between IL-1b-primed MSC mice and those treated with other MSCs, IL-1b induced elevated expression of COX-2, IL-8 and IL-6 in MSCs. This result may potentially be attributed to the timing of immunocyte collection. We collected immunocytes when all of the surviving mice were recovered from colitis, a time when the three types of MSCs may have already carried their immunomodulatory function, so that the immune profile could be the same among the three types of MSC-treated mice.
In summary, in the present study, we showed that systemically infused IL-1b-primed MSCs could effectively attenuate DSS-induced murine colitis. IL-1b-primed MSCs could mediate their immunosuppressive effect via two modes of action. First, IL-1b enhanced the ability of MSCs to migrate to the inflamed spleen, MLN and colon of DSS-induced colitis mice by elevating CXCR4 expression, where MSCs could repair the injured intestinal mucosa and perform their immunosuppressive functions. Second, IL-1b promoted MSC secretion of IL-8, which is necessary for MSCs to recruit neutrophils and macrophages. IL-1b-pimed MSCs can then more efficiently suppress the excessive inflammatory and immune reactions by direct cell-cell contact or by secretion of PGE2. 
